M A T E R I A L S A N D M E T H O D S
Enzyme treatment consisted of incubating the parenchymatous placental tissue of 3-to 5-week old tomato fruit with a 20 per cent (w/v) solution of Rohm and Haas Co., Philadelphia, Pectinol R-10 in 20 per cent (w/v) sucrose (after filtration to remove the diatomaceous earth filler) for 1~ to 2 hours at 27 °. Seeds were eliminated either by dissection or by using seedless fruit which were obtained by spraying emasculated flowers with a solution of/3-naphthoxyacetic acid.
• On a small scale, protoplasts were released from small pieces of pectinase-treated tissue by teasing them in a drop of 0.05 M Tris buffer pH 7.2 containing 0.01 M MgSO, and 20 per cent (w/v) sucrose, using two mounted needles. If the suspending medium was held in the depression of a cavity slide, the cell debris would sink to the bottom of the depression whilst the intact protoplasts would float up to the surface where they could be examined microscopically. It was found that the scale of the preparations could be increased by teasing pectinase-treated tissue between two pieces of card clothing (i.e. staples arranged in parallel rows and mounted on a suitable cloth base) instead of using mounted needles. 1 On an intermediate scale, using the tissue from 2 to 3 fruit, the apparatus shown in On a large scale, using the tissue from 10 to 20 fruit, the pectinase-treated tissue was teased by the apparatus shown in Fig. 2 which allowed an unlimited amount of tissue to be teased at one time. This apparatus consisted of a Perspex box, without top or bottom, to one inner surface of which was fixed a piece of card clothing. A second piece of card clothing, mounted on a wooden drum, could be made to rotate against the fixed piece, using a crank. A gap in the rotating card clothing enabled pieces of pectinase-treated tissue to be fed from above between the rows of staples; as the drum was rotated both the released protoplasts and the cell debris were washed downwards by a spray of 0.05 M Tris buffer pH 7.2 containing 0.01 ~ MgSO, and 20 per cent (w/v) sucrose from a nozzle (G. Bray & Co., London) which gave a flat fan spray covering the full width of the drum.
The suspension of protoplasts and cell debris from the teasing apparatus was strained through two stainless steel wire gauges (18 mesh/inch, 26 standard wire gauges (S.W.G.), and 30 mesh/ inch 28 S.W.G.) to remove larger pieces of cell debris, and fell into the vertical tube of the apparatus shown in Fig. 3 . The density of this suspension in terms of the equivalent per cent (w/v) sucrose solution was determined by weighing a 1 ml sample and consulting prepared tables, and was usually found to vary between about 12 per cent and 9 per cent, depending on the amount of vacuolar juice released from the tissue during teasing. It was then possible to prepare a fresh solution of sucrose in 0.05 M Tris buffer pH 7.2 containing 0.01 M MgSO4 whose density was such that it could be layered on top of the mixed suspension. This new medium was made to contain a sucrose density-gradient with a minimum of 6 per cent sucrose (e.g. from 12 per cent to 6 per cent (w/v) sucrose, or from 9 per cent to 6 per cent (w/v) sucrose, depending on the density of the suspension). This medium was delivered from an apparatus of the sort described by Svensson (7) for producing chromatographic or electrophoretic density-gradients. The surface of this new medium was then brought to the top of the vertical tube by raising the piston-fit bung (coarse adjustment) and by introducing high density (40 per cent w/v) sucrose from a reservoir into the bottom of the tube (fine adjustment). The apparatus and its contents were then allowed to stand for about 1 hour, during which the protoplasts floated upwards from the mixed suspension into the fresh medium, and the sucrose density-gradient predisplaced upwards, and resulted in the uppermost layer (which now contained the protoplasts) overflowing into the polythene gutter (see Fig. 3 ). This clean suspension of protoplasts was immediately run off into whatever apparatus was appropriate for the following experiment; e.g., into centrifuge tubes.
DISCUSSION
All the techniques used for the isolation of protoplasts initially produced a small proportion of vacuoles as well, but, whereas protoplasts were stable for many hours, vacuoles were less stable and the methods became selective for protoplasts after about 20 minutes. vented this upward movement of protoplasts from forming convection currents. The course of this flotation was followed by direct observation through a horizontally mounted binocular microscope.
It was found that satisfactory upward flotation occurred at all concentrations of sucrose from 20 per cent (w/v) to a minimum of 6 per cent (w/v) in 0.05 M Tris buffer pH 7.2 containing 0.01 ~ MgSO4. This latter solution was about isopycnic with protoplasts; below 5 per cent (w/v) sucrose in the Tris-MgSO4 medium, osmotic instability of the protoplasts would have been incurred.
When the upward flotation was judged to be complete, the new suspension of protoplasts in fresh medium was finally separated from the old suspension of pectinase and cell debris. This was achieved by introducing more high density (40 per cent w/v) sucrose at the bottom of the vertical tube, which caused the contents of the tube to be It was found that the pectinase treatment described above would only release protoplasts from the very thin-walled, large, isodiametric cells of the highly vacuolated region of parenchymatous placental tissue (cf. reference 8). The thicker walls of the elongated cells of the more densely protoplasmic region were much more resistant to enzyme attack; thus the method was selective and produced a more or less uniform population of protoplasts from one kind of tissue. Protoplasts obtained by this method have been shown to accumulate neutral red in their vacuoles and to respond to the presence of growth substances such as indol-3-yl-acetic acid (2, 9). 
